Introduction {#sec1-1}
============

Imaging studies of cerebral function have shown that acupuncture can induce changes in specific brain regions, providing a non-invasive quantitative method for studying the central mechanisms underlying the clinical effects of acupuncture. To date, the majority of acupuncture studies using functional magnetic resonance imaging (fMRI) have examined single acupoints, commonly PC6, ST36 or LI4 (Wang et al., 2006; Liu et al., 2012; Zhang et al., 2012; You et al., 2013; Chen et al., 2014; Yeo et al., 2014), comparing true and sham acupuncture (Wang et al., 2009; Wu et al., 2014) and different acupuncture methods (Litscher, 2009). Physiological functions and pathological states have been widely examined using fMRI (Cole et al., 2006; Liang et al., 2014). Furthermore, numerous studies have provided evidence for the functional specificity of meridians and acupoints in humans (Wu et al., 2002; Zhang et al., 2004; Chang et al., 2013; Rong et al., 2013; Xing et al., 2013; Li et al., 2014), and the acupoints-brain relation hypothesis (Lai et al., 2007) has now been suggested as a likely mechanism underlying the therapeutic effects of acupuncture.

However, previous studies using fMRI with acupuncture have a number of limitations. Most studies have focused on a single acupoint at a time (Liu et al., 2011; Zhang et al., 2012) and have confirmed that acupuncture at a specific acupoint can activate certain brain areas. However, there are discrepancies between studies as to which brain areas are activated by stimulation of the same acupoint (Yan et al., 2005; Liu et al., 2011; Zhang et al., 2012). In the clinic, acupuncture treatment commonly involves the selection of combined acupoints, as this produces better therapeutic effects than using a single acupoint (Ji et al., 2008). The fewest points used in clinical acupuncture is two (paired combination) (Zheng et al., 2012); however, very few imaging studies have examined cerebral function with stimulation at more than one acupoint. In addition, the majority of studies use a block design (Wu et al., 2002; Kong et al., 2007; Xu et al., 2007; Xiao et al., 2008) involving the needle being rotated, retained, rotated, and retained within each treatment block, and then observing the changes of functional brain imaging under the state of needle rotation and needle retention. This method only observed the effect of needle rotation and needle retention, and ignored the post-acupuncture effect. In other words, it failed to observe the change of functional brain imaging after withdrawing the needle, and thus is not truly representative of clinical acupuncture. Moreover, after needle rotation, the brain does not return to the same steady state as pre-acupuncture, but remains active during the period in which the needle is retained in place. Thus, the data calculated by subtracting the effects of the retained needle from those of the rotated needle may include false positives (Zheng et al., 2012).

To more accurately determine the complex brain activities that occur during acupuncture, the technique of resting-state fMRI is gaining attention in acupuncture studies (Bai et al., 2009; Zhong et al., 2011). Unlike the block design, resting-state fMRI compares the state without a needle before and after acupuncture, thus avoiding imaging during the manipulation but focusing on the effects ultimately produced. Additionally, resting-state fMRI separates the conventional acupuncture--response signal processing mode. The different signal linearity provides information about actual cerebral functional responses to various physiological states, thus being a more accurate reflection of complex human brain activities compared with more traditional methods.

In the present study, we measured the amplitude of low-frequency fluctuations using resting-state fMRI and performed acupuncture at *Taichong* (LR3) and *Taixi* (KI3). Our results provide further evidence for the acupoints--brain relation hypothesis that pointed out that the regulating action of acupuncture should be adjusted and integrated through the brain, and then acted on the target organ. Brain response to this stimulus is the key to recognition of acupoints and non-acupoints. We also explore the functional characterization of specific brain areas activated by combined acupoint stimulation, to guide acupuncture treatment in the clinic.

Subjects and Methods {#sec1-2}
====================

Subjects {#sec2-1}
--------

Fifteen healthy volunteers (8 males and 7 females), aged 21--23 (21.8 ± 0.6) years were included in this study. Subjects weighed 46--72 (55.40 ± 8.35) kg and were 160--180 (168.6 ± 6.81) cm tall. All subjects gave full informed consent before the experiment. This study was approved by the Chinese Ethics Committee of Registering Clinical Trials (ChiECRCT-2012011) and registered in the Chinese Clinical Trial Register (ChiCTR-TRC-12002427).

### Inclusion criteria {#sec3-1}

\(1\) Undergraduates in the city of Guangzhou and aged 21--28 years, who had not undergone acupuncture more recently than 1 month prior to volunteering for our study. (2) Good previous and present physical and mental health. (3) Right-handed. (4) Acupoint site without skin damage or disease.

### Exclusion criteria {#sec3-2}

\(1\) Left handedness. (2) Metal in the body, such as a pacemaker or metal dentures. (3) Acupuncture hypersensitivity during a preliminary test of acupuncture response 1 month prior to the experiment. (4) Previous recent (within 1 month) acupuncture treatment. (5) Fear of confined spaces or strong reactions to noise and hypothermia.

Procedure outline {#sec2-2}
-----------------

Subjects were asked to pass urine and stool prior to treatment. After resting in the supine position for 15 minutes, scanning was performed for 8 minutes, comprising a 2-minute transverse scan and a 6-minute resting-state blood oxygenation level dependent sequence scan. Acupuncture was then conducted, and the needle was maintained in place for 30 minutes. Fifteen minutes after the needle was withdrawn, a further 8-minute scan was performed. The volunteers' eyes were masked (Hanjiang Xinhua Tourist Supplies Factory, Yangzhou, Jiangsu Province, China), and earplugs (Aearo, Indianapolis, IN, USA) were worn, to avoid audio-visual stimulation during the experiment. The volunteers were unaware which acupoints were used. All procedures (including initial screening) were performed by a chief physician. The experimental design chart is shown in [**Figure 1**](#F1){ref-type="fig"}.

![Flow chart of the experimental procedure.\
Red arrow represents needle insertion; blue arrow represents needle withdrawal. T1WI: T1-weighted image; fMRI: functional magnetic resonance imaging; BOLD: blood-oxygen-level dependent contrast; min: minutes.](NRR-10-292-g001){#F1}

Acupuncture methods {#sec2-3}
-------------------

Acupuncture was performed in all subjects by the same experienced physician. *Taichong* and *Taixi* were identified in accordance with Name and Location of Acupoints: Chinese National Standards GB12346-90 (2006) ([**Figure 2**](#F2){ref-type="fig"}). Disposable stainless steel acupuncture needles (25.0 mm × 0.3 mm; Huatuo; Suzhou Medical Supplies Co., Suzhou, Jiangsu Province, China) were used throughout the study. Each needle was inserted using the nail-pressing method, first at *Taichong*, bilaterally, and once the subject indicated that he or she could feel each needle, the remaining two needles were inserted at *Taixi*, bilaterally. All needling was performed from the patient\'s left to right sides. Once sensation of all needles occurred, we rotated them at an angle of 90°--180° and frequency of 60--90 times/min, with lifting and thrusting at 0.3--0.5 cm and at a frequency of 60--90 times/minute. After manipulating the needle for 1 minute, it was retained for 30 minutes. The needle was manipulated for 1 minute with an interval of 10 minutes.

![Localization of *Taichong* (LR3) and *Taixi* (KI3).](NRR-10-292-g002){#F2}

Resting-state fMRI scanning {#sec2-4}
---------------------------

Subjects remained conscious throughout. They were placed in a supine position and asked to breathe calmly. Their heads were fixed with a foam mat to minimize voluntary and involuntary movements. Earplugs were used to reduce hearing, and eye masks were used to avoid visual stimulation. The scan began after the volunteers had rested for 15 minutes. Experiments were conducted on a GE 3.0T MRI scanner (Signa Excite System, General Electric Medical Systems, Milwaukee, WI, USA) with an 8-channel head coil. MRI data were collected 15 minutes before needle insertion and 15 minutes after needle withdrawal, as follows:

\(1\) Transverse T1-weighted image (T1WI) sequence: 2 minutes, fast spin echo sequence; OAx T1 FLAIR, repetition time = 1,750 ms, echo time = 24 ms, inversion time = 960 ms, field of view = 24 × 24 cm^2^, matrix = 320 × 224, number of excitations = 1, thickness = 5.0 mm; interval = 1.0 mm; slice layers = 30; echo train length = 8; bandwidth = 31.25.

\(2\) Resting-state fMRI blood-oxygen-level dependent data collection: gradient echo-echo-planar imaging sequence scanning was used for 6 minutes, with the following scan parameters: repetition time = 3,000 ms/minimum, echo time = minimum; flip angle = 90°; field of view = 240 mm × 240 mm; thickness = 5.0 mm; interval = 1.0 mm; slice layer = 30 slices per acquisition; matrix = 96 × 96; number of excitations = 1.

Image processing {#sec2-5}
----------------

Preprocessing was conducted using Data Processing Assistant for resting-state fMRI (Yan and Zang, 2010, <http://www.restfmri.net>), which is based on Statistical Parametric Mapping (SPM8; <http://www.fil.ion.ucl.ac.uk/spm>) and the resting-state fMRI Data Analysis Toolkit (REST, Song et al., 2011; <http://www.restfmri.net>) (Chao-Gan et al., 2010; Song et al., 2011). This contains DICOM format conversion, removal of 10 time points prior to image scanning, time correction, correction of head movement, space standardization, and space smoothing. Correction of head movement was used to calculate the head movement value during panning and rotation in the *X*, *Y*, and *Z* planes. The data of subjects with three-dimensional panning \> 1.5 mm and (or) rotating \> 1.5° were excluded. Space standardization used the MNI template developed by the Montreal Neurological Institute, Canada. A 3 mm^3^ sample was fitted to the MNI template. After assessing the degree of standardization, subjects with poorly fitted data were excluded. Gaussian smoothing was applied with a full width at half maximum of 4 mm^3^. After image preprocessing, all 15 subjects were included in the statistical analysis, with no exclusions.

REST1.8 software (<http://www.restfmri.net/forum/REST_V1.8>) was used for the amplitude of low-frequency fluctuations analysis. After preprocessing, the linear tendency of the data was removed by linear regression. Time and curve were convolved using Hamming bandpass filtering. The amplitude of low-frequency fluctuations was obtained (0.01--0.08 Hz), and obtained data from each subject were computed to obtain a map of the amplitude of low-frequency fluctuations. The values of the amplitude of low-frequency fluctuations were divided by the mean of the whole brain, and standardized amplitude of low-frequency fluctuations was obtained (Zang et al., 2007).

Statistical analysis {#sec2-6}
--------------------

The data were analyzed using REST 1.8 software (Song et al., 2011). Intragroup standardized values of the amplitude of low-frequency fluctuations were evaluated using a two-sample *t*-test (α = 0.05, AlphaSim correction *P* \< 0.05, continuous voxel \> 85). Differences between pre- and post-acupuncture amplitude of low-frequency fluctuations were obtained in all subjects. The precise anatomical position in the brain corresponding to the MNI coordinate was identified using Rest1.8 software Viewer.

Results {#sec1-3}
=======

Changes in amplitude of low-frequency fluctuations after acupuncture at *Taichong* and *Taixi* {#sec2-7}
----------------------------------------------------------------------------------------------

Fifteen minutes after needle withdrawal, the middle occipital gyrus and inferior occipital gyrus \[Brodmann area (BA) 18\] of the left occipital lobe, and the cuneus (BA18) of the right occipital lobe showed increases in amplitude of low-frequency fluctuations compared with pre-acupuncture values, whereas decreases from pre-acupuncture values were observed in the gyrus rectus (BA11) of the left frontal lobe, the center of the posterior lobe of the left cerebellum, and the inferior frontal gyrus (BA44) of the right frontal lobe ([**Figure 3**](#F3){ref-type="fig"}; **Tables [1](#T1){ref-type="table"}, [2](#T2){ref-type="table"}**).

![Brain areas with altered amplitude of low-frequency fluctuation 15 minutes after acupuncture at *Taichong* (LR3) and *Taixi* (KI3).\
Blue areas represent decreases in the amplitude of low-frequency fluctuation; red areas represent increases in the amplitude of low-frequency fluctuation; grey areas represent no difference in activation.](NRR-10-292-g003){#F3}

###### 

Brain areas with increased amplitude of low-frequency fluctuation 15 minutes after acupuncture at *Taichong* and *Taixi*

![](NRR-10-292-g004)

###### 

Brain areas with decreased amplitude of low-frequency fluctuation 15 minutes after acupuncture at *Taichong* and *Taixi*

![](NRR-10-292-g005)

Discussion {#sec1-4}
==========

We examined alterations in the amplitude of low-frequency fluctuations in different brain areas before and after acupuncture at *Taichong* and *Taixi*. The largest increases in the amplitude of low-frequency fluctuations were found in the cerebral occipital lobe, including the middle occipital gyrus (BA18/19), inferior occipital gyrus (BA18) and cuneus (BA18), and the largest decreases occurred in the frontal lobe, including the gyrus rectus (BA11) and inferior frontal gyrus (BA44), and the center of the posterior lobe of the left cerebellum.

The observed increased amplitude of low-frequency fluctuations in the occipital lobe, mainly in BA18, was consistent with a previous study by Yan et al. (2005) where the occipital lobe was specifically activated during acupuncture at *Taichong*. BA18 belongs to the high-level visual cortex, and is also associated with regulation of emotional activity (Vogt et al., 1996; Lang et al., 1998). As *Taichong* belongs to the Liver Channel of Foot *Jueyin*, activation of BA18 by acupuncture at *Taichong* supports the traditional Chinese theory that regulation of the liver can influence human affection. Similarly, the middle occipital gyrus belongs to the visual cortex, and acupuncture at *Taichong* and *Taixi* is traditionally thought to promote blood flow in brain areas related to vision and affection, activating these brain regions.

Of the brain areas that exhibited decreased amplitude of low-frequency fluctuations in the present study, namely BA11, BA44 and the center of the posterior lobe of the cerebellum, BA11 is associated with human social behavior, emotion and decision-making. Emotional changes can affect blood pressure (Rutledge et al., 2002), consistent with the blood pressure regulating effect of *Taichong* (Yang et al., 2008). Furthermore, human social behavior and decision-making relate to a promising effect of acupuncture at *Taixi* and *Taichong* recently observed on mild cognitive impairment (Chen et al., 2014). Previous studies (Gabrieli et al., 1998; Etard et al., 2000; Saur et al., 2006) also confirmed that BA44 (Broca\'s area) was involved in phonological and semantic processing, as well as cue precision and memory behavior detection (McDermott et al., 1999). With respect to the deactivated cerebellar posterior lobe observed in our study, the cerebellum is known to be strongly involved in sensation, movement and attention, as well as other cognitive and non-cognitive systems (Randich et al., 1992). The cerebellum is responsible for the body adapting to known stimuli or new environments (Randich et al., 1992). Acupuncture at *Taichong* and *Taixi* induced a decrease in amplitude of low-frequency fluctuations in the posterior lobe of the cerebellum, which may reflect the regulatory action of the cerebellum on various behaviors. Recently, Moulton et al. (2010) showed that the cerebellum plays a central role in sensation, as well as in movement and attention; this is supported by our present results. Acupuncture at *Taichong* and *Taixi* is also effective against headache, dizziness, insomnia, and excessive dreaming, which may be correlated with the regulatory effects of the cerebellum on high-level cognitive function and sleep (Dharani, 2005). Together, our data indicate that acupuncture at *Taichong* and *Taixi* specifically suppresses blood flow and causes deactivation in brain areas related to emotion, decision making, semantic handling, memory, attention, and sensation.

Our study has a number of limitations. First, MRI had been performed in some, but not all, volunteers, prior to our study. It is therefore possible that the volunteers with no prior experience of MRI may have had heightened anxiety during pre-acupuncture MRI, which may have affected MRI results, such as the activation of BA11, associated with emotional responses. In future studies, the relevant history of the subjects (*i.e*., whether the volunteers had received MRI) should be taken into account. Second, the volunteers in this study were healthy subjects. Brain fMRI images are different between healthy subjects and patients with cardiovascular or visual diseases. Therefore, to confirm the therapeutic value of activation of the observed brain areas by acupuncture at *Taichong* and *Taixi*, we will perform resting-state fMRI in hypertensive patients undergoing stimulation at these acupoints in future studies.

In summary, our study provides evidence for the functional specificity of meridians and acupoints, further supporting the acupoints-brain relation hypothesis (Wu et al., 2002; Zhang et al., 2004). Acupuncture at *Taichong* and *Taixi* also deactivated brain areas related to emotion, attention, and phonological and semantic processing, but activated brain areas related to vision. We therefore suggest that the activated brain regions represent the target brain areas in people undergoing acupuncture at *Taichong* and *Taixi*. The activation of these target brain areas is associated with the functions of *Taichong*, such as decreasing blood pressure (Yang et al., 2010) and improving vision, and the functions of *Taixi*, such as improving memory loss and inattention. Importantly, we used resting-state fMRI to observe functional measures before and after acupuncture, allowing us to examine the effects of acupuncture more accurately than with the commonly used block design. Moreover, we used a combined acupuncture treatment, a more clinically relevant approach than the majority of experimental studies using a single acupoint.
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